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(54) Optical waveguide type directional coupler and optical waveguide circuit using the same 



(57) In one viewpoint, the invention is to provide an 
optical waveguide type directional coupler capable of re- 
ducing the wavelength dependency, the polarization de- 
pendency and variations in the coupling efficiency and 
to provide a small optical waveguide circuit using the 
same. An optical coupling part is provided in which a 
first optical waveguide and a second optical waveguide 
are arranged side by side to come close each other at 
the middle part in the longitudinal direction of the optical 
waveguides. At least one of the incident side of the first 
optical waveguide and the incident side of the second 
optical waveguide is adapted to be a light input part to 



the optical coupling part. At least one of the outgoing 
side of the first optical waveguide and the outgoing side 
of the second optical waveguide is adapted to be a light 
output part. The first and second optical waveguides in 
the optical coupling part are formed to be curved 
waveguide parts that project to the other optical 
waveguide side. A distance P' between peaks in a field 
distribution of a propagation light propagating from one 
side of the first and second optical waveguides to the 
other side thereof through the optical coupling part is 
made narrower than a distance P between core centers 
of the first and second optical waveguides in the optical 
coupling part. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to an optical 
waveguide type directional coupler for use in optical 
communications and an optical waveguide circuit using 
the same. 

BACKGROUND OF THE INVENTION 

[0002] In the field of optical communications, as 
shown in Figs. 15A and 15B, for example, an optical 
waveguide type directional coupler is widely used in 
which a first optical waveguide 1 and a second optical 
waveguide 2 are arranged side by side to come close 
to each other in parallel at a midpoint part (a center part 
in Figs. 15A and 15B) in the longitudinal direction of the 
first and second optical waveguides 1 and 2 for forming 
an optical coupling part 3. 

[0003] In the optical waveguide type directional cou- 
pler, at least one of an incident side 11 of the first optical 
waveguide 1 and an incident side 21 of the second op- 
tica! waveguide 2 is adapted to be a light input part to 
the optical coupling part 3. Additionally, at least one of 
an outgoing side 1 2 of the first optical waveguide 1 and 
an outgoing side 22 of the second optical waveguide 2 
is adapted to be a light output part from the optical cou- 
pling part 3. This kind of optical waveguide type direc- 
tional coupler is generally used as a one-by-two optical 
coupler or a two-by-two optical coupler. 
[0004] That is, when the optical waveguide type direc- 
tional coupler is used as a one-by-two optical coupler, 
as shown in Fig 15A, the incident side 11 of the first op- 
tical waveguide 1 is adapted to be the fight input part to 
the optical coupling part 3 and both the outgoing side 
1 2 of the first optical waveguide 1 and the outgoing side 
22 of the second optical waveguide 2 are adapted to be 
the light output part from the optical coupling part 3. 
When adapted in this manner, in the case that the cou- 
pling efficiency of the directional coupler in a wavelength 
X 1 is set r| 1 (%), for example, a light having the wave- 
length X-j that has been entered from the first optical 
waveguide 1 is emitted from the outgoing side 12 of the 
first optical waveguide 1 and the outgoing side 22 of the 
optical waveguide 2 at a ratio of (1 00-ti^ to t| 1 . 
[0005] Furthermore, when optical waveguide type di- 
rectional coupler is used as a two-by-two optical coupler, 
as shown in Fig. 15B, both the incident side 11 of the 
first optical waveguide 1 and the incident side 21 of the 
first optical waveguide 2 are adapted to be the light input 
part to the optical coupling part 3 and both the outgoing 
side 1 2 of the first optical waveguide 1 and the outgoing 
side 22 of the second optical waveguide 2 are adapted 
to be the light output part from the optical coupling part 
3. When adapted in this manner, for example, the light 
having the wavelength X 1 and a light having a wave- 
length 7^2 that have been entered from the respective 



first and second optical waveguides 1 and 2 are emitted 
from the outgoing side 1 2 of the first optical waveguide 
1 and the outgoing side 22 of the optical waveguide 2 
at a partition ratio corresponding to the coupling efficien- 

5 cy in each of the wavelengths and A^. 

[0006] That is, assuming that the coupling efficiency 
of the light having the wavelength ^ is *n 1 and the cou- 
pling efficiency of the light having the wavelength \% is 
T| 2 , the light having the wavelength X. 1 is emitted (100 - 

io out thereof and the light having wavelength is 

emitted t\ 2 % out thereof from the outgoing side 1 2 of the 
first optical waveguide 1. Additionally, the light having 
the wavelength ^ is emitted out thereof and the 
light having the wavelength is emitted (100 - t| 2 ) % 

is out thereof from the outgoing side 22 of the second op- 
tical waveguide 2. 

SUMMARY OF THE INVENTION 

20 [0007] The invention is to provide an optical 

waveguide type directional coupler and an optical 

waveguide circuit using the same. The optical 
waveguide type directional coupler comprises: 

25 having an optical coupling part comprising a first op- 
tical waveguide and a second optical waveguide ar- 
ranged side by side to come close to each other at 
a midpoint part in the longitudinal direction of the 
optical waveguides; 

30 adapting at least one of an incident side of the first 
optical waveguide and an incident side of the sec- 
ond optical waveguide to be a light input part to the 
optical coupling part; and 

adapting at least one of an outgoing side of the first 
35 optical waveguide and an outgoing side of the sec- 
ond optical waveguide to be a light output part from 
the optical coupling part, 

wherein in the optical coupling part, a distance be- 
tween peaks in a field distribution of a propagation 
40 light propagating from one side of the first and sec- 
ond optical waveguides to the other side thereof is 
made narrower than that between core centers of 
the first and second optical waveguides in the opti- 
cal coupling part. 

45 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] Exemplary embodiments of the invention will 
now be described in conjunction with drawings in which: 

50 

Fig. 1A depicts a configu rational view illustrating 
one embodiment of the optical waveguide type di- 
rectional coupler according to the invention; 
Fig. 1 B depicts an enlarged view illustrating an area 
55 near an optical coupling part in Fig 1 A; 

Fig. 2 depicts a graph illustrating a wavelength de- 
pendency of the coupling efficiency in the optical 
waveguide type directional coupler of the embodi- 
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ment; 

Fig. 3 depicts a graph illustrating variations in the 
coupling efficiency in the optical waveguide type di- 
rectional coupler of the embodiment; 
Fig. 4 depicts an illustration showing an example in 
forming a plurality of circuits of the optical 
waveguide type directional couplers on a wafer; 
Fig. 5 depicts a block illustration showing one ex- 
ample of an optical waveguide circuit according to 
the invention using the optical waveguide type di- 
rectional couplers of the embodiment; 
Fig. 6A depicts a graph illustrating an insertion loss 
of each of the wavelength lights outputted from the 
optical waveguide circuit of the embodiment; 
Fig. 6B depicts a graph illustrating an insertion loss 
of each of the wavelength lights outputted from the 
optical waveguide circuit in the presence of approx- 
imately 5% of variations in the coupling efficiency 
of the optical coupling part; 

Fig. 7A depicts an illustration showing an orthodox 
example of an optical waveguide type directional 
coupler disclosed in Japanese Patent No. 2804363; 
Fig. 7B depicts a partial enlarged view of Fig. 7A; 
Fig. 8 depicts a graph illustrating a wavelength de- 
pendency of the coupling efficiency in the optical 
waveguide type directional coupler in Fig. 7A; 
Fig. 9 depicts a graph illustrating wavelength de- 
pendencies of the coupling efficiency due to the dif- 
ference in optical waveguide distances of an optical 
coupling part in the optical waveguide type direc- 
tional coupler in Fig. 7A; 

Fig. 10 depicts a graph illustrating variations in the 
coupling efficiency in the optical waveguide type di- 
rectional coupler in Fig. 7A; 

Fig. 11 depicts an illustration showing an example 
of a waveguide configuration of a Mach-Zehnder 
interferometer type optical waveguide circuit; 
Fig. 12 depicts a graph illustrating an insertion loss 
of each of the wavelength lights outputted from the 
optical waveguide circuit when the Mach-Zehnder 
interferometer type optical waveguide circuit 
formed by using the optical waveguide type direc- 
tional couplers in Fig. 7A has been fabricated in 
conformity with design; 

Fig. 1 3A depicts a graph illustrating an insertion loss 
of each of the wavelength lights outputted from the 
optical waveguide circuit in the case of approxi- 
mately 5% of variations in the coupling efficiency of 
the optical coupling parts of the Mach-Zehnder 
interferometer type optical waveguide circuit 
formed by using the optical waveguide type direc- 
tional couplers in Fig. 7A; 

Fig. 1 3B depicts a graph illustrating an insertion loss 
of each of the wavelength lights outputted from the 
optical waveguide circuit in the case of approxi- 
mately 1 0% of variations in the coupling efficiency 
of the optical coupling parts of the Mach-Zehnder 
interferometer type optical waveguide circuit 



formed by using the optical waveguide type direc- 
tional couplers in Fig. 7A; 

Fig. 14 depicts an illustration showing an orthodox 
example of an optical waveguide type directional 
5 coupler having a multimode waveguide; and 

Figs. 15A and 15B depict illustrations showing a 
configuration of a typical orthodox optical 
waveguide type directional coupler. 

10 DETAILED DESCRIPTION 

[0009] The first and second optical waveguides 1 and 
2 forming an orthodox optical waveguide type direction- 
al coupler shown in Figs. 15A and 15B, as illustrated in 
15 these drawings, are formed to be linear waveguide parts 
A, C and E on the both sides thereof and in the optical 
coupling part 3 and are formed to be curved waveguide 
parts B and D where the portions thereof are sand- 
wiched by the linear waveguide parts A, C and E. 
20 [0010] Generally, a peak position in afield distribution 
of a propagation light propagating through an optical 
waveguide corresponds to a core center position in a 
linear wavegide. However, in a curved waveguide, as 
the radius of curvature thereof become smaller, the peak 
25 position moves to the outer side than the core center 
position. On this account, the configuration shown in 
Figs. 15A and 15B, the field distribution mismatching of 
the propagation light is generated in each of the joined 
parts of the linear waveguide parts A, C and E to the 
30 curved waveguide parts B and D. Then, the field distri- 
bution mismatching of the propagation light increases 
an insertion loss of the propagation light. 
[0011] Hence, in the optical waveguide type direction- 
al coupler, in order to decrease the insertion loss, Jap- 
35 anese Patent No. 2804363 proposed an optical 
waveguide type directional coupler having a configura- 
tion shown in Fig. 7A. This optical waveguide type di- 
rectional coupler has linear waveguide parts 1 a, 1 d, 1 g, 
2a, 2d and 2g and curved waveguide parts 1b, 1c, 1e, 
40 if, 2b, 2c, 2e and 2f sandwiched by these linear 
waveguide parts 1a, 1d, 1g, 2a, 2d and 2g. 
[0012] In the optical waveguide type directional cou- 
pler of this proposal, an optical coupling part 3 are 
formed of two linear waveguide parts 1 d and 2d closely 
45 disposed where these linear waveguide parts 1dand2d 
are formed in parallel each other. In each of the joined 
parts of the linear waveguide part 1d to the curved 
waveguide parts 1c and 1e and the joined parts of the 
linear waveguide part 2d to the curved waveguide parts 
so 2c and 2e, an offset F (0.45 u,m, for example) is provid- 
ed. 

[0013] Additionally, in each of the joined parts of the 
curved waveguide part 1 c to the curved waveguide part 
1b, the curved waveguide part 1e to the curved 
55 waveguide part 1f, the curved waveguide part 2c to the 
curved waveguide part 2b and the curved waveguide 
part 2e to the curved waveguide part 2f, an offset 2F 
(0.90 u.m, for example) is formed. 
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[001 4] Furthermore, in each of the joined parts of the 
curved waveguide part 1b to the linear waveguide part 
1 a, the curved waveguide part 1f to the linear waveguide 
part 1g, the curved waveguide part 2b to the linear 
waveguide part 2a and the curved waveguide part 2f to 
the linear waveguide part 2g, the offset F (0.45 ujn, for 
example) is formed. 

[0015] Each of the offsets (F or 2F) is disposed to 
match the peak positions in the field distribution of the 
propagation light in the joined parts of the linear 
waveguide parts 1a, 1d, 1g, 2a, 2d and 2g and to the 
curved waveguide parts 1b, 1c, 1e, 1f, 2b, 2c, 2e and2f 
and the curved waveguide parts 1b, 1c, 1e, 1f, 2b, 2c, 
2e and 2f thereto. 

[0016] That is, as shown in Fig.7B, for example, in the 
first optical waveguide 1, the peak position in the field 
distribution of the curved waveguide parts 1b and 1c is 
at the position indicated by a curve K in the drawing. The 
position of this curve K shifts from the core center posi- 
tions of the curved waveguide parts 1 b and 1 c (they are 
curves M in the drawing and are to be the center position 
of the optical waveguides) to outside (that is, to the op- 
posite side each other) by the offsets F. On this account, 
by providing the offset 2F in the joined part of the curved 
waveguide parts 1 b and 1 c, matching the peak positions 
in the field distribution of the propagation light can be 
intended. 

[0017] Additionally, since the peak position in the field 
distribution of the linear waveguide part 1 d matches to 
the core center position thereof, the offset F is provided 
in the joined part of the linear waveguide part 1 d to the 
curved waveguide part 1c and thereby matching the 
peak positions in the field distribution of the propagation 
light can be intended. 

[0016] Therefore, the offsets are similarly formed in 
the joined parts of the linear waveguide parts 1a, 1d, 1g, 
2a, 2d and 2g to the curved waveguide parts 1 b, 1 c, 1 e, 
1f, 2b, 2c, 2e and 2f and the joined parts of the curved 
waveguide parts 1b, 1c, 1e, 1f, 2b, 2c, 2e and 2f thereto 
and thereby matching the peak positions in the field dis- 
tribution of the propagation light can be intended. Thus, 
the insertion loss of the optical waveguide type direc- 
tional coupler can be reduced. 

[001 9] The optical waveguide type directional coupler 
shown, in Figs. 7A and 7B is formed by using a well- 
known flame hydrolysis deposition method (FHD meth- 
od) where a cladding is disposed around a core that 
forms each of the optical waveguides to form a buried 
optical waveguide structure, for example. Additionally, 
the cladding is formed of a silica-based glass so that the 
relative refractive index difference between the core and 
the cladding covering the core becomes 0.4% and the 
core is formed of a silica-based glass doped with Ti0 2 . 
The core is formed to have a width of 9.0 ujn and a height 
of 8.5 u,m. Furthermore, the radius of curvature of the 
entire curved waveguides is formed to be 1 8000 u,m. 
[0020] A distance P between the core centers of the 
linear waveguide parts 1d and 2d is set to be 12.5 pjn 



on a photomask used in the photolithography process 
and a length L of the optical coupling part 3 is set to be 
280 p.m. This length has been set where the coupling 
efficiency to a light having a 1 .55 u.m wavelength be- 

5 comes 50%. 

[0021] Additionally, the coupling efficiency is a ratio of 
a light propagating from one side of first and second op- 
tical waveguide 1 and 2 to the other side thereof through 
the optical coupling part 3. For example, in Fig. 7A, it is 

10 called a propagation ratio of a light entered from an in- 
cident side 11 of the first optical waveguide 1 and emit- 
ted from an outgoing side 22 of the second optical 
waveguide 2, or a propagation ratio of a light entered 
from an incident side 21 of the second optical waveguide 

15 2 and emitted from an outgoing side 1 2 of the first optical 
waveguide 1 . 

[0022] Now, in the optical waveguide type directional 
coupler as described above, a wavelength dependency 
or a polarization dependency of the coupling efficiency 

20 is desired to be small. However, the optical waveguide 
type directional coupler as shown in Fig. 7A has a wave- 
length dependency as shown in Fig. 8. For example, the 
coupling efficiency in the 1.55 u.m wavelength is 50%, 
whereas the coupling efficiency in a 1 .31 ujn wavelength 

25 is 27%; the difference is as large as 23%. 

[0023] The wavelength dependency of the optical 
waveguide type directional coupler is known to change 
by a distance between the peaks in the field distribution 
of a propagation light in the optical coupling part 3. The 

30 optical coupling part 3 in the optical waveguide type di- 
rectional coupler shown in Fig. 7A is formed of the linear 
waveguide parts 1d and 2d and the distance between 
the peaks in the field distribution of the propagation light 
matches to a distance P between the core centers of the 

35 linear waveguide parts 1 d and 2d. 

[0024] Thus, an inventor of the invention thought that 
the distance P between the core centers of two linear 
waveguide parts forming an optical coupling part is set 
to a proper value in the configuration of the optical 

40 waveguide type directional coupler shown in Fig. 7A and 
thereby the wavelength dependency of the coupling ef- 
ficiency set forth can be reduced. In order to verify this, 
first, a distance P between the centers of the linear 
waveguide parts on a photomask used when fabricating 

45 the optical waveguide type directional coupler was set 
12.0, 12.5 and 13.0 |im, for example, three kinds of op- 
tical waveguide type directional couplers where the cou- 
pling efficiency to the light having the 1.55 |im wave- 
length had been set 50% were produced and wave- 

50 length dependencies of the coupling efficiency thereof 
were determined. 

[0025] As a result, the wavelength dependencies of 
the coupling efficiency of the optical waveguide type di- 
rectional couplers are demonstrated as illustrated in Fig. 
55 9. in the drawing, a curve a is one having the distance 
P between the centers being 12.0 u.m, a curve b is one 
having the distance P between the centers being 12.5 
\im and a curve c is one having the distance P between 
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the centers being 1 3.0 ^im. It was found that one having 
a smaller distance P between the core centers of the 
linear waveguide parts could reduce the wavelength de- 
pendency of the coupling efficiency. 
[0026] Additionally, in orderto determine the polariza- 
tion dependency of the coupling efficiency of the optical 
waveguide type directional couplershown in Fig. 7A, the 
inventor measured each of the coupling efficiency of the 
proposed optical waveguide type directional coupler in 
a TE mode and a TM mode using a light source having 
the 1 .55 u.m wavelength. As a result, the coupling effi- 
ciency in the TE mode was 46.7% and that in the TM 
mode was 53.0%; the difference was as large as 6.3%. 
[0027] Thus, in order to seek a configuration that can 
reduce the polarization dependency, a polarization de- 
pendency of the coupling efficiency was determined on 
each of the three kinds of optical waveguide type direc- 
tional couplers. Consequently, one having the distance 
P equal to 12.0 ujti had 3.8% of the coupling efficiency 
difference between the TE mode and the TM mode, one 
having the distance P equal to 12.5 ujti had 4.1% of the 
coupling efficiency difference between the TE mode and 
the TM mode and one having the distance P equal to 
13.0 u,m had 6.3% of the coupling efficiency difference 
between the TE mode and the TM mode. 
[0028] According to the experimental result described 
above, it was found that one having a smaller distance 
P between the core centers of the linear waveguide 
parts could reduce both the polarization dependency 
and the wavelength dependency of the coupling effi- 
ciency. 

[0029] However, when the distance P between the 
core centers of the linear waveguide parts is made 
smaller, a distance D between the linear waveguide 
parts is also made smaller with this. Still, taking it into 
account that constraints of the photolithography process 
when fabricating the optical waveguide or an amount 
dW of a decrease in an optical waveguide width in the 
etching process, it is needed to set a stable distance or 
above in the processes such that a distance (D + dW) 
between the linear waveguide parts 1d and 2d on the 
photomask is 2 |im or above, for example. That is, when 
the distance (D + dw) between the linear waveguide 
parts 1 d and 2d on the photomask becomes smaller 
than 2 ujti, the waveguide fabrication cannot be con- 
ducted stably. 

[0030] When such things are considered, the distance 
P between the core centers of the linear waveguide 
parts 1d and 2d could not be a sufficiently small value 
that can reduce the wavelength dependency and the po- 
larization dependency of the coupling efficiency. Thus, 
the wavelength dependency and thus the polarization 
dependency of the coupling efficiency could not be de- 
creased sufficiently. 

[0031] Additionally, when the distance P between the 
core centers of the linear waveguide parts 1 d and 2d is 
made smaller, the distance D between the linear 
waveguide parts 1 d and 2d has to be made smaller to 



a great extent with this. Therefore, there might be a con- 
cern that the fabrication of the optical waveguide type 
directional coupler becomes difficult, fabricating errors 
become greater and variations in the optical coupling 
5 efficiency become greater. 

[0032] That is, since the orthodox optical waveguide 
type directional coupler is formed in which the linear 
waveguide parts 1 d and 2d are arranged side by side in 
parallel at a narrow distance over a length of 1 00 u.m in 
10 the optical coupling part 3, variations are generated in 
the width or an etching depth of the linear waveguide 
parts 1 d and 2d and in an amount of the core deformed 
when an over cladding is formed on the cores that form 
the linear waveguide parts 1 d and 2d. 
15 [0033] For example, as shown in Fig. 4, the inventor 
disposed a plurality (68 couplers in the same drawing) 
of the type shown in Fig. 7A of optical waveguide type 
directional couplers on a four-inch substrate 17 for fab- 
rication to determine variations in the coupling efficiency 
20 of the light having the 1 .55 urn wavelength on each of 
the optical waveguide type directional couplers at 1 2 po- 
sitions (1N to 12N). The result is demonstrated as in 
shown Fig. 1 0. As illustrated in Fig. 1 0, it was found that 
the coupling efficiency of the light having the 1 .55 urn 
25 wavelength of the optical waveguide type directional 
couplers varies as large as plus or minus 10%. 
[0034] Furthermore, the coupling efficiency of the op- 
tical waveguide type directional couplers as set forth af- 
fects an insertion loss of an optical waveguide circuit 
30 formed by using the optical waveguide type directional 
couplers. Thus, a problem arises such that an insertion 
loss of a Mach-Zehnder interferometer type optical 
waveguide circuit shown in Fig. 11 varies according to 
variations in the coupling efficiency of the optical 
35 waveguide type directional couplers. Moreover, the 
Mach-Zehnder interferometer type optical waveguide 
circuit is an optical waveguide circuit formed by serially 
connecting two optical waveguide type directional cou- 
plers where first and second optical waveguides 1 and 
40 2 have a length different from each other (they have an 
optical path length difference 15), the first and second 
optical waveguides 1 and 2 are sandwiched by optical 
coupling parts 3 of the two optical waveguide type di- 
rectional couplers. 
45 [0035] This type of Mach-Zehnder interferometer type 
optical waveguide circuit, when it is used as an optical 
multiplexer or an optical demultiplexer, as disclosed in 
Japanese Patent No. 2557966, is known to reduce an 
insertion loss by setting the coupling efficiency of each 
50 of the optical coupling parts 3 50% with respect to the 
wavelength entered from the incident side 1 1 of the first 
optical waveguide 1 which is a port on the cross side in 
the case that wavelengths X 1 and are entered from 
the incident side 11 of the first optical waveguide 1 and 
55 the incident side 21 of the second optical waveguide 2, 
respectively, and a multiplexed light of the wavelengths 
into %2 is emitted from the outgoing side 22 of the 
second optical waveguide 2, as shown in Fig. 7A. How- 
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ever, when the coupling efficiency of the optical 
waveguide type directional couplers varies as set forth, 
a problem arises that the insertion loss of the Mach-Zeh- 
nder interferometer type optical waveguide circuit is in- 
creased. 

[0036] Additionally, in the optical waveguide type di- 
rectional coupler, in order to reduce the wavelength de- 
pendency and the polarized wave dependency of the 
coupling efficiency, as shown in Fig. 1 4, a coupler is pro- 
posed in which a optical coupling part 3 is formed of a 
multimode waveguide 30 not forming it of the first and 
second optical waveguides 1 and 2, instead of reducing 
the distance between the first and second optical 
waveguides 1 and 2. However, this proposed optical 
waveguide type directional coupler has a defect that on- 
ly a slight shift in the width of the multimode waveguide 
30 caused by variations in fabrication increase losses. 
Therefore, it is difficult to apply a type shown in Fig. 14 
of optical waveguide type directional coupler to a pur- 
pose that demands low losses in particular. 
[0037] In one aspect of the invention, the invention is 
to provide an optical waveguide type directional coupler 
capable of reducing the wavelength dependency and 
the polarization dependency of the coupling efficiency 
and to provide an optical waveguide circuit with a small 
insertion loss by forming the optical waveguide circuit 
using this optical waveguide type directional coupler. 
[0038] In an optical waveguide type directional cou- 
pler of one viewpoint of the invention, for example, at 
least one of a first optical waveguide and a second op- 
tical waveguide in an optical coupling part is formed to 
be a curved optical waveguide that projects to the other 
side thereof. By this, a distance between peaks in afield 
distribution of a propagation light propagating from one 
side of the first and second optical waveguides to the 
other side thereof through the optical coupling part can 
be made narrowerthan a distance between core centers 
of the first and second optical waveguides. 
[0039] That is, as described above, in a curved 
waveguide, a peak position in the field distribution of the 
propagation light is shifted to the outer side than a core 
center position. Therefore, in the case that at least one 
of the first optical waveguide and the second optical 
waveguide in the optical coupling part is formed to be a 
curved optical waveguide projecting to the other optical 
waveguide side, as one example, the distance between 
the peaks of the field distribution of the propagation light 
propagating from one side of the first and second optical 
waveguides to the other side thereof is smaller as com- 
pared with the case that both the f irst and second optical 
waveguides in the optical coupling part are formed of 
linear waveguid parts. 

[0040] Thus, in this manner, when the distance be- 
tween the peaks of the field distribution of the propaga- 
tion light propagating from one side of the first and sec- 
ond optical waveguides to the other side thereof is made 
smaller in the optical coupling part, as apparent from the 
study results according to the inventor, the wavelength 



dependency and the polarization dependency of the 
coupling efficiency in the optical waveguide type direc- 
tional coupler can be reduced. 

[0041] Additionally, for example, at least one of the 

5 first optical waveguide and the second optical 
waveguide forming the optical coupling part is formed 
to be the curved optical waveguide that projects to the 
other optical waveguide side. Thereby, the optical 
waveguide configuration can be fabricated easily and 

10 variations in fabrication can also be reduced as com- 
pared with the case of the orthodox example in which 
both the first and second optical waveguides in the op- 
tical coupling part are formed of the linear waveguide 
parts and the linear waveguide parts are arranged side 

15 by side in parallel at the length thereof. Consequently, 
variations in the coupling efficiency can be reduced. 
[0042] Fig. 1 A depicts one embodiment of the optical 
waveguide type directional coupler according to the in- 
vention. Fig. 1 B depicts an enlarged view near an optical 

20 coupling part 3 in the optical waveguide type directional 
coupler of the embodiment. 

[0043] The embodiment shown in Fig. 1 A differs from 
that shown in Fig. 7A in the configuration of the area of 
the optical coupling part 3. It is similarly configured to 

25 that shown in Fig. 7A, except that. In the embodiment 
of the invention shown in Fig. 1A, both a first optical 
waveguide 1 and a second optical waveguide 2 in an 
optical coupling part 3a are formed to be curved optical 
waveguides (curved waveguide parts) 1S and 2S that 

30 project to the other optical waveguide side. 

[0044] According to this configuration, as shown in 
Fig. 1B, a distance between peaks (chain lines K) in a 
field distribution of a propagation light propagating from 
one side of the first and second optical waveguides 1 

35 and 2 to the other side thereof is made narrower than a 
distance between core centers (dashed lines M) of the 
first and second optical waveguides 1 and 2, which is 
indicated by the dashed lines in Fig. 1 B. Here, the short- 
est distance between the peaks in the field distribution 

40 of the propagation light is set P' and the shortest dis- 
tance between the core centers is set P where P'sP- 
0.9 jim. 

[0045] Additionally, in the embodiment shown in Fig. 
1 A, no offset is provided between a curved waveguide 

45 part 1c and a curved waveguide part 1S and between 
the curved waveguide part 1S and a curved waveguide 
part 1e; the curved waveguide parts 1c, 1S and 1e are 
substantially formed to be one curved waveguide. Fur- 
thermore, no offset is similarly provided between a 

50 curved waveguide part 2c and a curved waveguide part 
2S and between the curved waveguide part 2S and a 
curved waveguide part 2e; the curved waveguide parts 
2c, 2S and 2e are substantially formed to be one curved 
waveguide. 

55 [0046] A bending radius of the curved waveguide 
parts 1 and 2S in the optical coupling part 3 is formed 
to have a value in a radiation mode suppressing range 
capable of suppressing the radiation mode of the entire 
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wavelength lights that propagate through the curved op- 
tical waveguide parts 1S and 2S. In this example, it is 
formed to be 18000 u.m. Besides, in this embodiment, 
as described above, the curved waveguide parts 1 c, 1 S 
and 1e are substantially formed to be one curved 
waveguide and the curved waveguide parts 2c, 2S and 
2e are substantially formed to be one curved waveguide 
and thus both the bending radii of these curved 
waveguides are formed to be 1 8000 u,m. 
[0047] Additionally, the optical waveguide type direc- 
tional coupler of the embodiment shown in Fig. 1 A was 
also fabricated by the FHD method the same as the or- 
thodox example shown in Fig. 7A. A cladding was 
formed of a SiC^^C^^Os-based glass and a core 
was further added with 710 2 to have the relative index 
difference of 0.4%. 

[0048] A core width was 9.0 |xm, a core height was 
8.5 pm and the coupler was formed to be a single-mode 
waveguide in a band having wavelengths from 1 .4 to 1 .6 
jim. Furthermore, the shortest distance P between the 
core centers of the first and second optical waveguides 
1 and 2 in the optical coupling part 3 was designed to 
be 1 2.5 u,m so as to have 50% of the coupling efficiency 
with respect to the light having the 1 .55 |im wavelength. 
The optical waveguide type directional coupler was fab- 
ricated by using a photomask having this design value. 
[0049] Moreover, in the production of the photomask 
for use in fabricating the optical waveguide type direc- 
tional coupler, the waveguide width was designed to be 

1 u/n wider and the minimum distance between two 
waveguies on the photomask was set 2.5 jim, allowing 
an amount of a decrease in the waveguide width due to 
the etching process. 

[0050] Besides, in a process where an over cladding 
is disposed on the upper side of the core to form a buried 
waveguide, because of the deformation of a core pat- 
tern, an actual shortest distance P between the core 
centers of the first and second optical waveguides 1 and 

2 in the optical coupling part 3 was 1 0.7 \x.m and a short- 
est distance D between of the first and second optical 
waveguides 1 and 2 was 1 .7 urn 

[0051] Also, the distance between the peaks (the 
chain lines K) in the field distribution of the propagation 
light propagating from one side of the first and second 
optical waveguides 1 and 2 to the other side thereof 
through the optical waveguide 3 became 0.9 jim nar- 
rower than that between the core centers (the dashed 
lines M) of the first and second optical waveguides 1 
and 2 in the optical waveguide 3, which are indicated by 
the dashed lines in Fig. 1 B. At this time, the relationship 
between the shortest distance P' between the peaks in 
the field distribution of the propagation light and the 
shortest distance P between the core centers is P* = P 
- 0.9 urn and thus the shortest distance P' between the 
peaks in the field distribution of the propagation light is 
9.8 jim. 

[0052] The embodiment of the invention is configured 
in this manner where both the first and second optical 



waveguides 1 and 2 in the optical coupling part 3 are 
formed to be the curved optical waveguide parts 1 S and 
2S that project to the other optical waveguide side and 
the distance between the peaks in the field distribution 

5 of the propagation light propagating from one side of the 
first and second optical waveguides 1 and 2 to the other 
side thereof through the optical waveguide 3 is narrower 
than that between the core centers of the first and sec- 
ond optical waveguides 1 and 2 in the optical waveguide 

10 3. On this account, as apparent from the study results 
done by the inventor, the wavelength dependency and 
the polarization dependency of the coupling efficiency 
in the optical waveguide type directional coupler can be 
reduced. 

15 [0053] In fact, when the wavelength dependency of 
the coupling efficiency was determined on the optical 
waveguide type directional coupler of the embodiment, 
a result shown in Fig. 2 was obtained. As shown in the 
drawing, the difference between the coupling efficiency 

20 in the 1 .55 u.m wavelength and the coupling efficiency 
in the 1 .3 um wavelength is 16%. According to this re- 
sult, it was confirmed that the wavelength dependency 
of the coupling efficiency can be reduced as compared 
with the optical waveguide type directional coupler of the 

25 orthodox example shown in Fig. 7A which was fabricat- 
ed with a 12.5 \xxn distance between the core centers. 
[0054] Additionally, when the polarized wave depend- 
ency of the coupling efficiency was determined on the 
optical waveguide type directional coupler, the coupling 

30 efficiencies in the TE mode and the TM mode in the 1 .55 
jim wavelength were 48.0% and 52.0%, respectively; 
the difference was 4.0%. It was confirmed that the opti- 
cal waveguide type directional coupler of the embodi- 
ment has the difference in the coupling efficiency due to 

35 the difference between the polarization modes smaller 
than the difference (6.3%) between the TE mode and 
the TM mode of the orthodox example shown in Fig. 7A. 
[0055] Furthermore, according to the embodiment of 
the invention, both the first optical waveguide 1 and the 

40 second optical waveguide 2 in the optical coupling part 
3 are formed to be the curved optical waveguide parts 
1S and 2S that project to the other optical waveguide 
side. On this account, the area where an interval be- 
tween the first and second optical waveguides 1 and 2 

45 is narrow is small largely. Thus, the fabrication of the 
optical waveguide configuration can be conducted eas- 
ily and variations in fabrication can also be reduced, as 
compared with the case of the orthodox example in 
which both the first and second optical waveguides in 

50 the optical coupling part are formed of the linear 
waveguides and the linear waveguides are arranged 
side by side in parallel at the length thereof. Therefore, 
according to the embodiment, variations in the coupling 
efficiency due to the variations in fabrication can be de- 

55 creased as well. 

[0056] In fact, as shown in Fig. 4, when a plurality (68 
couplers in the drawing) of optical waveguide type di- 
rectional couplers of the embodiment were disposed on 



8 



3NSDOClD:<EP 1154293A2 I > 



13 



EP1 154 293 A2 



14 



a four-inch substrate 1 7 for fabrication and variations in 
the coupling efficiency due to disposed positions (1 N to 
12N) were determined, they were demonstrated as il- 
lustrated in Fig. 3; the variations in the coupling efficien- 
cy were approximately plus or minus 5%. This value is 
smaller than that of the variations (about plus or minus 
10%) in the coupling efficiency in the case that the op- 
tical waveguide type directional couplers of the orthodox 
example shown in Fig. 7 A were similarly fabricated with 
a 1 2.5 u,m distance between the core centers. According 
to this, it was confirmed that the embodiment could also 
reduce the variations in the coupling efficiency of the op- 
tical waveguide type directional coupler. 
[0057] Moreover, according to the embodiment of the 
invention, as apparent from the comparison of Fig. 1A 
with Fig. 7A, the optical waveguide type directional cou- 
pler of the embodiment is substantially to have such a 
configuration that the linear waveguide parts 1 d and 2d 
in the orthodox example show in Fig. 7A are omitted. 
Therefore, downsizing the optical waveguide type direc- 
tional coupler can be intended with the omission of the 
linear waveguide parts. As compared with the orthodox 
example, the length in the longitudinal direction could 
be shortened by about 250 u/n. 

[0058] Besides, in the embodiment as set forth, in the 
case that the minimum bending radius of the curved 
waveguide parts in the optical coupling part is to be a 
value within the radius range capable of suppressing the 
entire wavelength lights propagating through the curved 
waveguide parts, for example, the radiation mode of the 
entire wavelength lights propagating through the curved 
waveguide part can be suppressed. Thus, an increase 
in losses due to the radiation mode of the light can be 
suppressed. 

[0059] Additionally, in the embodiment described 
above, in the case that the minimum bending radius of 
the curved waveguide parts in the optical coupling part 
is to be the minimum value in the radiation mode sup- 
pressing range, for example, reducing the bending ra- 
dius of the curved waveguide can downsize the size of 
the optical waveguide type directional coupler, in addi- 
tion to the effect of suppressing an increase in the losses 
due to the radiation mode of the light. 
[0060] Next, one embodiment of the optical 
waveguide circuit according to the invention will be de- 
scribed. This optical waveguide circuit is formed by us- 
ing the optical waveguide type directional coupler of the 
embodiment set forth as one example thereof. As shown 
in Fig. 5, the optical waveguide circuit was formed by 
connecting Mach-Zehnder interferometer type optical 
waveguide circuits 6 in a plurality of stages, the Mach- 
Zehnder interferometer type optical waveguide circuit 
functions as an optical multiplexer. 
[0061 ] Specif ical ly, th e optical wavegu i de ci rcu it of t h e 
embodiment has a plurality (here, the number is four) of 
Mach-Zehnder interferometer type optical waveguide 
circuits 6 (6c1 to 6c4) arranged side by side in a first 
stage on the light incident ports 5a to 5h side. The Mach- 



Zehnder interferometer type optical waveguide circuits 
6 (6b 1 and 6b2) in a second stage are connected thereto 
for further optically multiplexing a light output of every 
pair of the Mach-Zehnder interferometer type optical 
5 waveguide circuits 6 among these Mach-Zehnder inter- 
ferometer type optical waveguide circuits 6. In this man- 
ner, as the light outputs of the pairs of the Mach-Zehnder 
interferometer type optical waveguide circuits 6 in the 
previous stage (in this case, 6c1 to 6c4) are further op- 

10 tically multiplexed by the Mach-Zehnder interferometer 
type optical waveguide circuits 6 in the subsequent 
stage (in this case, 6b1 and 6b2), the Mach-Zehnder 
interferometer type optical waveguide circuits 6 (6a to 
6c4) are connected in multiple stages (three stages 

15 here) to form the optical waveguide circuit. 

[0062] In this embodiment, each of the Mach-Zehnder 
interferometer type optical waveguide circuits 6 is 
formed in which two optical waveguide type directional 
couplers having the configuration shown in Fig. 1 A are 

20 serially connected and the lengths of the optical 
waveguides 1 and 2 sandwiched by the optical coupling 
parts 3 of the optical waveguide type directional coupler 
are formed to differ from each other. Additionally, in the 
optical waveguide circuit of the embodiment, the short- 

25 est distance P between the core center positions of the 
first and second optical waveguides 1 and 2 in the opti- 
cal coupling part 3 was designed to be 12.5 jim. 
[0063] Furthermore, an optical wavelength that is in- 
putted from the incident side of the first optical 

30 waveguide 1 forming each of the Mach-Zehnder inter- 
ferometer type optical waveguide circuits 6 and is out- 
putted from the outgoing side of the second optical 
waveguide 2, or an optical wavelength that is inputted 
from the incident side of the second optical waveguide 

35 2 and is outputted from the outgoing side of the first op- 
tical waveguide 1 is defined as a cross propagation 
wavelength. An optical wavelength that is inputted from 
the incident side of the first optical waveguide 1 and is 
outputted from the outgoing side of the first optical 

40 waveguide 1, or an optical wavelength that is inputted 
from the incident side of the second optical waveguide 
2 and is outputted from the outgoing side of the second 
optical waveguide 2 is defined as a through propagation 
wavelength. In this case, each of the Mach-Zehnder 

45 interferometer type optical waveguide circuits 6 applied 
to the embodiment is configured as one example as fol- 
lows. 

[0064] That is, in each of the Mach-Zehnder interfer- 
ometer type optical waveguide circuits 6, the product (n 

50 . AL) of a difference (an optical path length difference of 
the Mach-Zehnder interferometer type optical 
waveguide circuit) AL between the lengths of the first 
optical waveguide 1 and the second optical waveguide 
2 sandwiched by two optical coupling parts 3 and a re- 

55 tractive index n of the first and second optical 
waveguides 1 and 2 forms integral multiples of the cross 
propagation wavelength and (an integer plus or minus 
0.5) times the through propagation wavelength. 
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[0065] Moreover, in the entire Mach-Zehnder interfer- 
ometer type optical waveguide circuits 6c1 to 6c4 in the 
first stage, the coupling efficiency of the cross propaga- 
tion wavelength (an optical wavelength entered into in- 
cident ports 5a, 5d, 5e and 5h on the side crossing to 
an optically multiplexed light output part in each of the 
Mach-Zehnder interferometer type optical waveguide 
circuits 6) is set 50%. In the Mach-Zehnder interferom- 
eter type optical waveguide circuits 6b1 , 6b2 and 6a af- 
ter the second stage, the cross propagation wavelength 
becomes two kinds or above and the coupling efficiency 
of the optical waveguide type directional coupler cannot 
be set 50% with respect to the entire wavelengths. Thus, 
the coupling efficiency was set 50% in a wavelength 
having an average value of the cross propagation wave- 
length. 

[0066] The optical path length difference and the cou- 
pling efficiency in each of the Mach-Zehnder interferom- 
eter type optical waveguide circuits 6 are set as de- 
scribed above. Thereby, in each wavelength in each of 
the Mach-Zehnder interferometer type optical 
waveguide circuits 6, the optical wavelengths entered 
from the respective incident sides of the first and second 
optical waveguides 1 and 2 are multiplexed with low 
losses to output the multiplexed light from the outgoing 
side thereof and the respective multiplexed lights en- 
tered from each of the incident ports 5a to 5h can be 
outputted from a light output end 14 in a state in which 
the insertion loss of each of the wavelengths is nearly 
equal. 

[0067] The embodiment of the optical waveguide cir- 
cuit is configured as set forth. The optical waveguide cir- 
cuit of the embodiment was formed by serially connect- 
ing two optical waveguide type directional couplers hav- 
ing the configuration shown in Fig. 1 A to form the Mach- 
Zehnder interferometer type optical waveguide circuit 6 
and connecting the plurality of them in the multiple stag- 
es. Thus, variations in the coupling efficiency of each of 
the optical coupling parts 3 of the Mach-Zehnder inter- 
ferometer type optical waveguide circuits 6 can be made 
smaller and thereby the insertion loss of the optical 
waveguide circuit can be reduced. 
[0068] Actually, in the optical waveguide circuit of the 
embodiment, the insertion loss of the light outputted 
from the light output end 14 was simulated. The result 
is demonstrated as shown in Fig. 6A; the maximum in- 
sertion loss value was approximately 0.64 dB and the 
difference (variations among the respective ports) in the 
insertion loss due to the difference in the incident ports 
5a, 5d, 5e and 5h was approximately 0.03 dB. In Fig. 
6A, as the insertion loss characteristic of the light en- 
tered from the incident port 5a is indicated by a charac- 
teristic line a in the drawing, the insertion loss charac- 
teristic of the light entered from the incident port 5b is 
indicated by a characteristic line b in the drawing and so 
on, the insertion loss characteristic of the light entered 
from each of the incident ports 5a to 5h is indicated by 
characteristic lines a to h. In the drawings used in the 



following description, the relationship between the inci- 
dent ports 5a to 5h and the characteristic lines a to h is 
the same. 

[0069] Additionally, in the embodiment, the insertion 
5 loss of the light outputted from the light output end 14 
was simulated when the coupling efficiency of each of 
the optical coupling parts 3 of the Mach-Zehnder inter- 
ferometer type optical waveguide circuits 6 was shifted 
5% from the design value. The result is demonstrated 
10 as shown in Fig. 6B; the maximum insertion loss value 
is approximately 0.85 dB and the difference in the inser- 
tion loss due to the difference in the incident ports 5a to 
5h was approximately 0.24 dB. 

[0070] Furthermore, in the case that the Mach-Zeh- 
15 nder interferometer type optical waveguide circuit 6 was 
formed by using the optical waveguide type directional 
couplers of the orthodox example shown in Fig. 7A and 
the Mach-Zehnder interferometer type optical 
waveguide circuits 6 were connected in the multiple 
20 stages the same as the embodiment for forming the 
comparison example, it is assumed that the coupling ef- 
ficiency of the optical waveguide type directional cou- 
plers forming each of the Mach-Zehnder interferometer 
type optical waveguide circuits 6 was fabricated in con- 
25 formity with design in the orthodox type of optical 
waveguide circuit. The insertion loss spectrum thereof 
is demonstrated as shown in Fig. 12. Moreover, in this 
comparison example, the spectra in the case that the 
coupling efficiency of the optical waveguide type direc- 
30 tional coupler becomes 5% higher than the design value 
and the case that it becomes 10% higher are demon- 
strated in Figs. 13A and 13B, respectively. 
[0071] From these drawings, in the optical waveguide 
circuit of the comparison example (the optical 
35 waveguide circuit using the optical waveguide type di- 
rectional couplers of the orthodox example), even if the 
circuit was fabricated in conformity with design, the max- 
imum insertion loss value is approximately 0.66 dB and 
the difference in the insertion loss due to the difference 
40 in the incident ports 5a to 5h is approximately 0.05 dB. 
Besides, the maximum insertion loss value is approxi- 
mately 0.93dB when the coupling efficiency of each of 
the optical coupling parts 3 of the Mach-Zehnder inter- 
ferometer type optical waveguide circuits 6 was shifted 
45 5 % from the design value and the difference in the in- 
sertion loss due to the difference in the incident ports 5a 
to 5h is 0.32 dB. When the coupling efficiency is shifted 
10% from the design value, the maximum insertion loss 
value is approximately 1 .48dB and the difference in the 
so insertion loss due to the difference in the incident ports 
5a to 5h is 0.87 dB, badly aggravated. 
[0072] That is, as apparent from the comparison re- 
sult, the embodiment of the invention forms the optical 
waveguide circuit by connecting the Mach-Zehnder 
55 interferometer type optical waveguide circuits 6 using 
the optical waveguide type directional couplers having 
the configuration shown in Fig. 1A. Thus, the wave- 
length dependency of each of the optical coupling parts 
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3 which the Mach-Zehnder interferometer type optical 
waveguide circuits 6 have is small. On this account, in 
the Mach-Zehnder interferometer type optical 
waveguide circuits 6b1 , 6b2 and 6a after the second 
stage, even when the optical waveguide circuit is formed 5 
to have 50% of the coupling efficiency in the wavelength 
having an average value of the cross propagation wave- 
length, the difference in the insertion loss due to the dif- 
ference in the incident ports 5a to 5h can be made small 
and the insertion loss can be made small entirely. 
[0073] Additionally, according to the embodiment of 
the invention, the optical waveguide circuit is formed by 
connecting the Mach-Zehnder interferometer type opti- 
cal waveguide circuits 6 using the optical waveguide 
type directional couplers having the configuration 
shown in Fig. 1A. Thus, the variations in the coupling 
efficiency of each of the optical coupling parts 3 which 
the Mach-Zehnder interferometer type optical 
waveguide circuits 6 have are small as well. On this ac- 
count, the coupling efficiency is not shifted as large as 
10% from the design value and the difference in the in- 
sertion loss due to the difference in the incident ports 5a 
to 5h and the entire insertion loss can be made small. 
[0074] Furthermore, in the embodiment as set forth, 
for example, according to the optical waveguide type di- 
rectional coupler in which the coupling efficiency of at 
least one wavelength light of the lights entered into the 
optical waveguide type directional coupler is set approx- 
imately 50%, for example, the insertion loss of the Mach- 
Zehnder interferometer type optica! waveguide circuit 
using this optical waveguide type directional coupler can 
be made small. 

[0075] Moreover, in the embodiment of the optical 
waveguide circuit as set forth, for example, in the case 
that the product (n-AL) of the difference AL between the 
lengths of the first optical waveguide and the second op- 
tical waveguide sandwiched by two optical coupling 
parts and the refractive index n of the first and second 
optical waveguides forms integral multiples of the cross 
propagation wavelength and (an integer plus or minus 
0.5) times the through propagation wavelength, the 
Mach-Zehnder interferometer type optical waveguide 
circuit properly multiplexes and demultiplexes the cross 
propagation wavelength and the through propagation 
wavelength and it makes an excellent optical waveguide 
circuit with a further smaller insertion loss. 
[0076] Additionally, the invention is not limited to the 
embodiments as set forth and it can adopt a variety of 
embodiments. For example, in the optical waveguide 
circuit of the embodiment, the plurality of Mach-Zehnder 
interferometer type optical waveguide circuits 6 were 
connected in the multiple stages, these Mach-Zehnder 
interferometer type optical waveguide circuits 6 were 
used as an optical multiplexer and thereby the optical 
waveguide circuit for multiplexing a plurality (eight kinds 
in Fig. 5) of wavelength lights different from each other 
was formed. However, each of the Mach-Zehnder inter- 
ferometer type optical waveguide circuits 6 may be op- 



erated in the opposite direction to be an optical demul- 
tiplexer for demultiplexing a plurality (eight kinds in the 
case of Fig. 5) of wavelength lights different from each 
other. This case can also exert the same effect as the 
embodiment as set forth. 

[0077] Additionally, the optical waveguide circuit of 
the invention is not limited to the configuration in which 
the plurality of Mach-Zehnder interferometer type opti- 
cal waveguide circuits 6 are connected, as shown on 
Fig. 5. It may have one Mach-Zehnder interferometer 
type optical waveguide circuit 6. The optical waveguide 
type directional coupler is used for forming a variety of 
optical waveguide circuits such as a coupiing-and- 
branching circuit where the optical waveguide type di- 
rectional coupler is combined with a Y-branch 
waveguide or an optical switch using the optical 
waveguide type directional coupler. 
[0078] Furthermore, configuration parameters of the 
optical waveguide type directional coupler are not limit- 
ed in particular. They can be set arbitrarily. For example, 
in the case that a silica-based optical waveguide is used, 
the relative refractive index difference A of the core to 
the cladding is preferably set about 0.2 to 2.0%, the 
width and the height of the core are set 3.0 to 1 0.0 u.m 
and the minimum bending radii of the curved optical 
waveguide parts 1S and 2S in the optical coupling part 
3 are set about 1 000 to 70000 fim of a value in the ra- 
diation mode suppressing range capable of suppressing 
the radiation mode of the entire wavelength lights that 
propagate through the optical waveguides. 
[0079] Moreover, as apparent from the embodiment 
of the optical waveguide type directional coupler, in the 
configuration of one viewpoint of the invention, the. op- 
tical waveguide configuration can be fabricated easily 
as compared with the case of the orthodox example in 
which the optical coupling part 3 is formed by bringing 
two linear waveguide parts close each other. Besides, 
the minimum distance between two optical waveguides 
forming the optical coupling part can be reduced and 
thus, as set forth, in the case that the silica-based optical 
waveguide is used, the relative refractive index differ- 
ence of the core to the cladding can be made greater as 
well. In this manner, when a relative refractive index dif- 
ference A of the core to the cladding is made greater, 
the bending radius of the curved waveguide part can be 
made smaller. Consequently, further downsizing the op- 
tical waveguide configuration can be intended. 
[0080] Additionally, the value of the offset (the offsets 
F and 2F in Fig. 1 A) disposed at the joined part of the 
linear waveguide parts or the joined part of the curved 
waveguide part to the linear waveguide part (see Fig. 
7A for the positions of the offsets F and 2F) is to be set 
corresponding to the amount of peak positions shifted 
in the field distribution of the propagation light in the 
curved waveguide parts, which is arbitrarily set with de- 
sign parameters such as the relative refractive index dif- 
ference A of the core to the cladding, a refractive index 
profile, a bending radius of the curved waveguide part, 
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a cross-sectional geometry such as a core width or a 
height and a wavelength of the propagation light. Fur- 
thermore, when general values of these design param- 
eters are considered, the value of the amount of the off- 
set may be set arbitrarily within a range of about 0.02 to 
about 1 |im. 

[0081] Moreover, the minimum distance between the 
curved waveguide parts 1S and 2S forming the optical 
coupling part 3 is similarly set with the design parame- 
ters, as set forth. When general values of these design 
parameters are considered, the value of the minimum 
distance may be set arbitrarily in a range of about 7 to 
about 20 ujti. 

[0082] Additionally, in the embodiment as set forth, 
the core and the cladding were formed by the FHD meth- 
od but a variety of other methods such as a vacuum dep- 
osition method, a plasma CVD method and a sol-gel 
process can be applied. 

[0083] Furthermore, in the embodiment as set forth, 
the optical waveguide configuration was a buried 
waveguide but other optical waveguide configurations 
such as a ridge optical waveguide or a diffused optical 
waveguide can be applied. 

[0084] Moreover, in the embodiment as set forth, the 
material for forming the optical waveguide was the sili- 
ca-based material but a variety of materials such as a 
multi-component glass, a dielectric material, a com- 
pound semiconductor or a polymeric material can be ap- 
plied. 

[0085] Besides, in the embodiment as set forth, the 
optical coupling part 3 of the optical waveguide type di- 
rectional coupler was formed to be the curved 
waveguide parts where both the first optical waveguide 
1 and the second optical waveguide 2 project to the oth- 
er optical waveguide side. However, at least one of the 
first optical waveguide 1 and the second optical 
waveguide 2 that form the optical coupling part 3 is pref- 
erably formed to be the curved waveguide part project- 
ing to the other optical coupling part side. 
[0086] Also, in the embodiment as set forth, the cou- 
pling efficiency of the optical coupling part 3 of the opti- 
cal waveguide type directional coupler was set 50% with 
respect to the 1 .55 u,m wavelength or the cross propa- 
gation wavelength. However, the coupling efficiency of 
the optical coupling part 3 is not limited in particular and 
is to be set arbitrarily. Only, in the case that the optical 
waveguide circuit is to be the Mach-Zehnder interferom- 
eter type optical waveguide circuit which is used for the 
optical multiplexer or the optical demultiplexer, as set 
forth, the coupling efficiency to the cross propagation 
wavelength is preferably set nearly 50% because the 
insertion loss can be reduced by setting the coupling ef- 
ficiency to the cross propagation wavelength approxi- 
mately 50%. 



Claims 

1 . An optical waveguide type directional coupler com- 
prising: 

5 

an optical coupling part comprising a first opti- 
cal waveguide and a second optical waveguide 
arranged side by side to come close to each 
other at the middle part in a longitudinal direc- 

10 tion of the optical waveguides; 

at least one of an incident side of said first op- 
tical waveguide and an incident side of said 
second optical waveguide to be a light input 
part to said optical coupling part; and 

15 at least one of an outgoing side of said first op- 

tical waveguide and an outgoing side of said 
second optical waveguide to be a light output 
part from said optical coupling part, 
wherein in said optical coupling part, a distance 

20 between peaks in a field distribution of a prop- 

agation light propagating from one side of said 
first and second optical waveguides to the other 
side thereof is made narrower than that be- 
tween core centers of said first and second op- 

25 tical waveguides in said optical coupling part. 

2. An optical waveguide type directional coupler ac- 
cording to claim 1 wherein at least one optical 
waveguide of the first optical waveguide and the 

30 second optical waveguide in the optical coupling 
part has a curved optical waveguide that projects to 
the other optical waveguide side. 

3. An optical waveguide type directional coupler ac- 
35 cording to claim 2 wherein a minimum bending ra- 
dius of the curved optical waveguide in the optical 
coupling part is set to a value in a radius range ca- 
pable of suppressing a radiation mode of the entire 
wavelength lights propagating through the curved 

40 optical waveguide. 

4. An optical waveguide type directional coupler ac- 
cording to claim 3 wherein a minimum bending ra- 
dius of the curved optical waveguide in the optical 

45 coupling part is set to a minimum value in said ra- 
dius range. 

5. An optical waveguide type directional coupler ac- 
cording to claim 1 wherein a coupling efficiency of 

50 a set wavelength light included in a wavelength 
band of a light entered into the optical waveguide 
type directional coupler is set approximately 50%. 

6. An optical waveguide type directional coupler ac- 
55 cording to claim 2 wherein a coupling efficiency of 

a set wavelength light included in a wavelength 
band of a light entered into the optical waveguide 
type directional coupler is set approximately 50%. 



12 



BNSDOCID:<EP 1154293A2 I > 



21 EP1 154 293A2 22 

7. An optical waveguide circuit comprising: 

two optical waveguide type directional cou- 
plers connected serially, wherein: 

a Mach-Zehnder interferometer type optical 
waveguide circuit is formed where lengths of first 5 
and second optical waveguides sandwiched by op- 
tical coupling parts of the two optical waveguide 
type directional couplers have a length different 
from each other, and at least one of the optical 
waveguide type directional couplers of the Mach- 10 
Zehnder interferometer type optical waveguide cir- 
cuit is formed of the optical waveguide type direc- 
tional coupler according to claim 1 . 

8. An optical waveguide circuit according to claim 7 15 
wherein: 



an optical wavelength that is inputted from an 
incident side of the first optical waveguide form- 
ing the Mach-Zehnder interferometer type op- 20 
tical waveguide circuit and is outputted from an 
outgoing side of the second optical waveguide, 
or an optical wavelength that is inputted from 
an incident side of said second optical 
waveguide and is outputted from an outgoing 25 
side of said first optical waveguide is defined 
as a cross propagation wavelength; 
an optical wavelength that is inputted from the 
incident side of said first optical waveguide and 
is outputted from the outgoing side of the first 30 
optical waveguide, or an optical wavelength 
that is inputted from the incident side of said 
second optical waveguide and is outputted 
from the outgoing side of the second optical 
waveguide is defined as a through propagation 35 
wavelength; and 

a product (n-AL) of a difference AL between the 
lengths of the first optical waveguide and the 
second optical waveguide sandwiched by two 
optical coupling parts and a refractive index n 40 
of said first and second optical waveguides 
forms integral multiples of the cross propaga- 
tion wavelength and (an integer ± 0.5) times of 
the through propagation wavelength. 

45 

9. An optical waveguide circuit comprising a plurality 
of at least one of the optical waveguide circuits ac- 
cording to clams 8 and 7 connected. 



55 
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